The potentially hazardous Asteroid (214869) 2007 PA8: An unweathered L chondrite analog surface by Fornasier, S et al.
The potentially hazardous Asteroid (214869) 2007 PA8:
An unweathered L chondrite analog surface
S Fornasier, Irina N. Belskaya, D Perna
To cite this version:
S Fornasier, Irina N. Belskaya, D Perna. The potentially hazardous Asteroid (214869)




Submitted on 14 Jan 2015
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
  
The potentially hazardous asteroid (214869) 2007 PA8:
an unweathered L chondrite analogue surface
S. Fornasier1 2, I.N. Belskaya1 3, D. Perna1
1 LESIA, Observatoire de Paris, CNRS, UPMC Univ Paris 06, Univ. Paris Diderot,
5 Place J. Janssen, 92195 Meudon Pricipal Cedex, France
2 Univ. Paris Diderot, Sorbonne Paris Cite´, 4 rue Elsa Morante, 75205 Paris Cedex
13
3 Astronomical Observatory of Kharkiv National University, 35 Sumska str., 61022
Kharkiv, Ukraine Submitted to Icarus: September 2014
e-mail: sonia.fornasier@obspm.fr; fax: 33145077144; phone: 33145077746
Manuscript pages: 25; Figures: 5; Tables: 4











Preprint submitted to Elsevier December 16, 2014
  
The potentially hazardous asteroid (214869) 2007 PA8:
an unweathered L chondrite analogue surface
S. Fornasier1 2, I.N. Belskaya1 3, D. Perna1
Abstract
In this paper we present the results on the polarimetric and spectroscopic observations of
the Potentially Hazardous Asteroid (214869) 2007 PA8 obtained during its favorable apparition
in October-November 2012, when it approached the Earth at the minimal distance of 0.043 AU.
Polarimetry was carried out at the NOT in the B, V, R, and I bands covering both low (12-23o)
and large phase angles (88-99o). Spectroscopy in the visible and near infrared range was ob-
tained at the TNG telescope.
The spectrum of 2007 PA8 shows silicates absorption features and a behavior consistent with
a Q-type classiﬁcation. The olivine and pyroxene BI band is centered at 0.9578 0.0042 m,
with a band depth of 16.5%, the BII band is centered at 1.95 0.01 m, and it has a band depth
of about 3.9%. The 2007 PA8 spectral parameters are consistent with those of L chondrites.
Also the spectral comparison with meteorites gives the L-type chondrites, and L6 in particular,
as best match.
The NEA (214869) 2007 PA8 is the forth moderate albedo asteroid and the ﬁrst Q-type aster-
oid for which the value of the polarization maximum is determined. The inversion angle of
the polarization curve in the V ﬁlter is 19.0 1.1o, the corresponding slope parameter (h) is of
0.078 0.010% o, the maximum value of polarization is 5.99 0.16%, and the extreme value of
negative polarization is estimated to be lower than -0.52%. Using the polarimetric slope we de-
rive a geometric albedo of 0.29 0.08 in the V band, that gives an estimated diameter of 1.4 0.2
km, assuming an absolute Hv magnitude of 16.2 mag. We ﬁnd a strong dependence of the po-
larization in the B, V, R, and I bands with wavelength, and the polarimetric albedo in the four
bands is strongly correlated with the asteroid’s spectrum. The 2007 PA8 polarimetric properties
resemble those of other 2 NEAs, 1566 Icarus and 25143 Itokawa, which are both S(IV) Q type.
Our spectral and polarimetric analysis indicate that 2007 PA8 has a young and fresh surface
almost unweathered, similar to L-type chondrites. These results, together with dynamical sim-
ulations made by Nedelcu et al. (2014) and Nesvorny et al. (2009), indicate that 2007 PA8
may be a member of the Geﬁon family recently ejected from the 5:2 resonance and a potential
source of L chondrites.
Keywords: Near-Earth objects, Asteroids, Surfaces, Spectroscopy, Polarimetry, Meteorites,
Asteroids, composition
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1. Introduction
Potentially hazardous asteroids (PHA) are near earth asteroids (NEA) whose
minimum orbit intersection distance with the Earth is 0.05 AU or less and whose
absolute magnitude Hv is 22.0 or brighter. The knowledge of their physical prop-
erties (size, albedo, density, surface mineralogical composition) is very important
to deﬁne a successful mitigation strategy, since the technology needed to deﬂect or
disrupt a potential impactor depends on its physical properties (Perna et al. 2013).
The entire population of NEAs is supposed to contain about 1000 objects with
diameter larger than 1 km and more than twenty of thousands greater than 100 m
(Mainzer et al. 2011). NEAs are responsible for most meteorite falls and for the
occurrence of occasional major catastrophic impact events. Our knowledge of the
structure and composition of NEAs is still rather limited, since only 5% of the
known NEAs have spectral types determined from observations. The knowledge
of the chemical and mineralogical composition of NEAs surfaces gives insight on
the materials which formed the protoplanetary nebula at di erent solar distances,
and on the processes that governed the formation and the evolution of our plane-
tary system.
Asteroid (214869)2007 PA8 is a PHA discovered on 09 August 2007 by the
LINEAR sky survey. It is an Apollo Earth-crossing asteroid with a minimum orbit
intersection distance (MOID) of 3.59 millions of km (0.024 AU). It is also a target
of relatively easy access for a space mission, having a minimum V of 6.8 km s
(computed following the method by Shoemaker and Helin, 1978). 2007 PA8 has
a Tisserand invariant TJ 2.95, and it resembles that of a Jupiter-family comet. Its
physical and orbital parameters are summarized in Table 1. Hicks et al. (2012) got
Bessel B, V, R, and I observations of this PHA ﬁnding a long rotational period of
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95.1 3.4 hr and visible colors compatible with a C or Xc-type spectral classiﬁca-
tion following the Tholen or the Bus-Demeo taxonomy (Tholen & Barucci, 1989;
Demeo et al. 2009). Assuming a geometric albedo of 0.05, typical for C-type
asteroids, they compute an e ective diameter of 3km. Extensive radar observing
campaign were performed at the Goldstone radar on October-November 2012 .
Radar images reveal an irregular and asymmetric shape with rough dimensions
of 1.9 km 1.4 km 1.3 km, the presence of possible craters and boulders, and a
very slow rotation (102 2 hr) in retrograde spin state (Brozovic et al., 2013).
We present in this paper the results of the 2007 PA8’s polarimetric and spectro-
scopic observations obtained during its favorable apparition in October-November
2012, when it approached the Earth at the minimal distance of 0.043 AU (the next
close approach of this asteroid to the Earth will be in 2036). Our data allow to
constrain the surface composition of this PHA, to obtain the ﬁrst measurement of
its albedo, and thus to determine its size.
2. Observations and data reduction
2.1. Spectroscopy
Spectroscopic observations in the visible and near infrared range of 2007 PA8
were made at the 3.56 m Italian Telescopio Nazionale Galileo (TNG) of the Eu-
ropean Northern Observatory (ENO) in la Palma, Spain, on 12-13 October 2012.
For visible spectroscopy we used the Dolores (Device Optimized for the LOw
RESolution) instrument equipped with the low resolution red (LRR) and blue
(LRB) grisms. The LRR grism covers the 0.52–0.95 m range with a spectral
dispersion of 2.9 Å px, while the LRB grism covers the 0.38-0.80 m range with
a spectral dispersion of 2.8 Å px. The Dolores detector is a Loral thinned and
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back-illuminated CCD with 2048 2048 pixels, with a pixel size of 15 m and
a pixel scale of 0.275 arcsec px. The ’red’ and ’blue’ spectra in the visible range
were separately reduced and ﬁnally combined together to obtain spectral coverage
from 0.38 to 0.95 m.
For the infrared spectroscopic investigation we used the near infrared camera and
spectrometer (NICS) equipped with an Amici prism disperser. This equipment
covers the 0.85–2.40 m range during a single exposure with a spectral resolution
of about 35 (Ba a et al. 2001). The detector is a 1024 1024 pixel Rockwell
HgCdTe Hawaii array. The spectra were acquired nodding the object along the
spatial direction of the slit, in order to obtain alternating pairs (named A and B)
of near–simultaneous images for the background removal. For both the visible
and near infrared observations we utilized a 2 arcsec wide slit, oriented along the
parallactic angle to minimize the e ect of atmospheric di erential refraction.
Visible and near-infrared spectra were reduced using ordinary procedures of
data reduction with the software packages Midas as described in Fornasier et al.
(2004, 2010). For the visible spectra, the procedure includes the subtraction of the
bias from the raw data, ﬂat–ﬁeld correction, cosmic ray removal, sky subtraction,
collapsing the two–dimensional spectra to one dimension, wavelength calibration,
and atmospheric extinction correction. The spectra were normalized at 6000 Å.
For observations in the infrared range, spectra were ﬁrst corrected for ﬂat ﬁelding,
then bias and sky subtraction was performed by producing A-B and B-A frames.
The positive spectrum of the B-A frame was shifted and added to the positive
spectrum of the A-B frame. The spectrum was then extracted and wavelength
calibrated. For both visible and near infrared observations the reﬂectivity of 2007
PA8 was obtained by dividing its spectrum by that of a solar analog star, observed
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close in time and in airmass to the object. The infrared and visible spectral ranges
were combined by overlapping the spectra, merging the two wavelength regions at
the common wavelengths and utilizing the zone of good atmospheric transmission
to ﬁnd the normalization factor between the two spectral parts.
Details on the observing conditions are reported in Table 2.
2.2. Polarimetry
Polarimetric observations were carried out at the 2.5 Nordic Optical Telescope
(NOT) in La Palma, Spain, during 4 runs between 13 October and 14 November
2012. The observations were done in the Bessel B, V, R and I ﬁlters using the
Wedged Double Wollaston prism (Oliva, 1997) mounted on the ALFOSC instru-
ment. The detector is a back illuminated CCD of 2048 2048 pixel (pixel size of
13.5 m), providing a total ﬁeld of view of 6.5 6.5 arcmin, with a pixel scale of
0.19 arcsec px. This polarimeter, previously mounted at the 1.82 m Asiago tele-
scope, splits the incoming light into four polarized beams at 0o, 45o, 90o, and 135o,
separated by 20 arcsec (Pernechele et al. 2003). These four beams are su cient
to determine simultaneously the linear polarization parameters I, Q, and U with a
single exposure. This instrument was tested successfully for several polarimetric
observations of minor bodies as shown in Fornasier et al. (2006), and Belskaya et
al. (2009).
During each run, the observational procedure includes bias and ﬂat ﬁeld acqui-
sitions, together with the observation of polarized and unpolarized standard stars
to calibrate the instrumental polarization. The ﬂat ﬁeld images were acquired in
two di erent sets corresponding to the adapter position of 0o and 90o, to average
the polarization induced by the reﬂections on the dome screen of the ﬂat ﬁeld
lamp. These 2 sets were ﬁrst bias subtracted, then added to produce a master ﬂat.
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The asteroid and standard stars images were corrected for bias and master ﬂat,
then aperture photometry was applied. The ﬂux for each channel was integrated
over a radius corresponding to 3-4 times the average seeing, and the sky was sub-
tracted using a 3-5 pixel wide annulus around the asteroid. Naming I0, I90, I45, and
I135, the ﬂux corresponding to the channels at 0, 90, 45, and 135o of polarization,









The degree of polarization P and the position angle of the polarization plane
in the instrumental reference system are expressed via the parameters Q and U
with the well-known formulae
P U2 Q2 P











where dU and dQ are the errors on the Stokes parameters (Shakhovskoy & Eﬁ-
mov, 1972).
The position angle of the polarization plane relative to the plane perpendicular
to the scattering plane, r, is expressed in terms of the position angle as
r ( 90o)
where the sign inside the bracket is chosen to assure the condition 0o ( 90o)
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180o. The polarization quantity Pr is derived from
Pr P cos(2 r)
The observing conditions and the ﬁnal results on the degree of polarization P,
on the position angle of the polarization plane, and on the polarimetric quantities
Pr and r are reported in Table 3.
3. Results
3.1. Taxonomy and composition
The two visible spectra acquired at the TNG telescope are shown in Fig. 1,
together with the albedo values, normalized in the V band, derived from B, V, R
and I polarimetry. The two spectra are taken 72 minutes apart and they are very
similar, showing that the surface sampled during these observations is homoge-
neous.
The combined visible and infrared spectra of 2007 PA8 (Fig. 2) clearly show the
presence of silicate bands in the 0.9-1 m and 2 m region, and an overall behavior
consistent with a Q-type asteroid classiﬁcation, following the Bus & DeMeo clas-
siﬁcation scheme (DeMeo et al., 2009). Within the S-complex, Q-type asteroids
match ordinary chondrite spectra, and therefore have surfaces that appear young,
fresh, and so unweathered, implying they have been recently exposed (DeMeo et
al. 2014).
We analyzed the spectrum following the procedure described by Ga ey et al.
(1993). We ﬁnd a BI band center of 0.9578 0.0042 m, with a band depth of
16.5%. This band is due to the presence of both olivine and pyroxene. Beyond
1.8 m the spectrum is quite noisy, so we apply a order 2 polynomial ﬁt to the data
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in the 1.7-2.3 m region to determine the BII band spectral parameters. The BII
band is centered at 1.958 0.015 m and has a band depth of about 3.9%. Never-
theless the upper edge of the 2 micron band is not well deﬁned, so the band II area
is probably underestimated.
The derived 2 m 1 m band area ratio is 0.4 0.1. Following the Dunn et al.
(2010, 2013) formulas that relate mineral abundances with band BI center and
with 2 m 1 m band area ratio, we ﬁnd a fayalite abundance (Fa) of 23.1 0.8
mol% in olivine, a ferrosilite abundance (Fs) of 19.7 0.6 mol% in pyroxene, and
an olivine on olivine plus pyroxene abundance of 0.63 0.02.
On the basis of these values 2007 PA8 is placed in the space of ordinary chon-
drites, and, in particular, comparing them with those of L, LL, and H chondrites
(Fig. 2 in Dunn et al., 2013), it appears that the NEA has spectral parameters
consistent with the L chondrites.
3.2. Meteorite analogs
To constrain the possible mineralogy of 2007 PA8 we conducted a search for
meteorite spectral analogs using the RELAB spectrum library (Pieters and Hi-
roi 2004), and following the same procedure explained in Fornasier et al. (2010,
2011). For each spectrum in the library, a ﬁlter was applied to ﬁnd relevant wave-
lengths (0.4 to 2.45 m). Then, a second ﬁlter was applied to reject spectra with
irrelevant albedo values (i.e. brightness at 0.55 m 0 15 and 0.4). A Chi-
squared value was calculated relative to the normalized input asteroid spectrum.
We used the asteroid wavelength sampling to resample the laboratory spectra by
linear interpolation. This allowed a least-squares calculation with the number of
points equal to the wavelength sampling of the asteroid spectrum. The RELAB
data ﬁles were sorted according to the corresponding Chi-squared values, and
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ﬁnally we visually examined them for dynamic weighting of spectral features.
The two best spectral matches are represented in Fig. 2: both meteorites are L-
type chondrites, in agreement with the spectral analysis of 2007 PA8 that already
pointed versus a L-type spectral analogy for this PHA. The best match is given
by the Vouille L6 ordinary chondrite, which has an albedo of 0.24, and the sec-
ond best ﬁt by another L6 chondrite, Denver, which has an albedo of 0.34. Both
samples have grain size 150 micron, and are ordinary chondrite with almost all
metal removed (Jarosewich, 1990).
3.3. Albedo and polarimetric properties
The NEA (214869) 2007 PA8 was observed in BVRI bands during ﬁve nights
in October-November 2012 (Table 3), covering both low (12-23o) and large phase
angles (88-99o). The measured polarization phase curve is shown in Fig. 3. We
ﬁnd a strong dependence of the polarization with wavelength. These data allow
us to estimate the polarization maxima and minima, and the polarimetric slopes
for B, V, R, and I bands. The polarimetric slope was calculated by a linear ﬁt to
the observations at small phase angles. Since there are only three phase angles
covered, the uncertainties of slope’s values are rather large. The whole range of
phase angles were ﬁtted by the Lumme and Muinonen function (Lumme &
Muinonen, 1993):
P( ) b(sin )c1(cos(0 5 ))c2 sin( 0)
where we ﬁxed two parameters: the parameter c2 0.35 and the inversion
angle 0 which was estimated from the linear ﬁt. In Fig. 3 we show the ﬁt
for the B and R bands (dashed lines) just to demonstrate the predicted behavior
at large phase angles. We assumed that our measurements at the phase angle of
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99.2o are close to the polarization maximum. In Table 4 we report our estimations
of Pmin, inversion angle, polarimetric slope (h), Pmax, and their uncertainties for
each band.
We use the measured polarimetric slope to calculate the asteroid’s albedo ( pv).
Albedo from the polarimetric slope was determined using well-known empirical
relationship h-albedo:
log pv C1 log h C2
The coe cients C1 and C2 are slightly di erent according to the di erent albedo
datasets used to calibrate this relationship. We utilize C1 -1.118 0.071 and
C2 -1.779 0.062 given by Cellino et al. (1999), and we derive a geometric
albedo of 0.29 0.08 in the V band. The obtained albedo values in the BVRI
bands with their errors are given in Table 4.
We have also analyzed how the calibration of the relationship h-albedo inﬂuence
the values of albedos. We found that the available calibrations based on aster-
oid data (Lupishko and Mohamed, 1996; Cellino et al. 1999, 2012; Masiero et
al. 2012) gave consistent results within the uncertainties associated to the po-
larimetric slope h. The calibration based on meteorite data (Zellner & Gradie
1976) gave smaller values of albedos (0.21 0.03 in the V band), but it must be
noted that the meteorites’ albedos were measured at the phase angles of 5 o (see
e.g. Geake & Dollfus, 1986) and not at zero phase angle, as normally deﬁned
for asteroids’ albedo. Considering that moderate-albedo asteroids show an in-
crease in brightness at zero phase angle due to the opposition e ect of about
1.4 times their brightness observed at phase 5 o (see Belskaya & Shevchenko,
2000), the geometric albedo inferred from the polarimetric albedo derived




The determined value of the asteroid’s albedo perfectly matches the mean
albedo value for Q-type asteroids (Thomas et al., 2011). The obtained values
of albedos in the BVRI bands well reproduce the spectral behavior measured in
the visible wavelengths (Fig. 1).
We estimated the asteroid’s absolute magnitude analyzing the photometric
observations made by Hicks et al. (2012) in the phase angle range 6.4-37.6
o. We ﬁrst did a linear ﬁt of these data, then we corrected the linear mag-
nitude for the opposition e ect, estimated to be 0.35 0.04 mag for moder-
ate albedo asteroids (Belskaya & Shevchenko, 2000). The resulting absolute
magnitude Hv is 16.2 0.1 mag, where the uncertainty takes into account the
errors of the linear ﬁt and of the opposition e ect. Using this Hv value and
the V-band albedo previously determined, the estimated 2007 PA8 diameter
is 1.4 0.2 km.
At present the polarization maximum was measured for very few NEAs (e.g.
De Luise et al. 2007, Belskaya et al. 2009 and references therein). The NEA
(214869) 2007 PA8 is the forth moderate albedo asteroid and the ﬁrst Q-type for
which the value of polarization maximum has been determined. In Figure 4 we
plot all the available polarimetric data for NEAs with moderate albedo values. We
used only the V band data to avoid di erences due to wavelength dependence of
polarization. The value of Pmax for 2007 PA8 is the lowest one compared to other
silicate rich asteroids at the same phase angle of 100 deg.
Considering that the Pmax value strongly anticorrelates with albedo, this means
that the surface of 2007 PA8 is brighter compared to those of 2000 PN9, Toutatis
and Toro. There are systematic di erences between polarization measured for
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these asteroids and that of our target, assuming that the surface of 2007 PA8
is brighter. On the other hand, the polarization degrees measured for 2007 PA8
are close to those measured for Icarus and Itokawa, indicating that these bodies
have similar surface properties. These asteroids also show similar polarization
wavelength dependence (Fig. 5). Moreover the geometric albedo of Itokawa and
Icarus, 0.29 (Bernardi et al. 2009) and 0.33 (Harris, 1998), respectively, are very
close to the one here determined for 2007 PA8.
To estimate the albedo from the Pmax value we used the empirical relationship:
log Pmax C3 log pv C4
based on measurements of lunar ﬁnes and terrestrial samples of di erent grain
sizes (Geake & Dollfus 1986). The best match of the 2007 PA8 V-band albedos
deﬁned from polarimetric slopes and from Pmax occurred for C3 -0.73 and C4 -
0.13. These coe cients are intermediate between those found for lunar ﬁnes with
grain sizes 50 m, and for terrestrial samples with grain sizes 200-340 microns
(Geake & Dollfus, 1986).
4. Summary and Discussion
From our studies the PHA 2007 PA8 is a Q-type asteroid with a fresh un-
weathered surface, a spectrum similar to the L chondrites, and with polarimetric
properties analogues to the NEAs Itokawa and Icarus, both classiﬁed as S(IV) Q-
type asteroids (DeMeo et al. 2014, Binzel et al. 2001).
Nedelcu et al. (2014) got a spectrum of 2007 PA8 in the NIR region (0.8-2.4 m)
from the IRTF telescope one month before our observations. Their spectrum is
di erent compared to the one here presented, with a deeper 2 micron band, and
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with band I and II center positions at 0.92 0.02 m and 1.95 0.01 m, respec-
tively. They found the H5 Cangas de Onis chondrite as best match of their NIR
spectrum, proposing 2007 PA8 as a second source of H chondrites, beside asteroid
6 Hebe.
The results based on our visible and near infrared spectral investigation conﬁrm
that 2007 PA8 has a young surface almost unweathered, but point toward a dif-
ferent meteorite analogy than that proposed by Nedelcu et al. (2014), i.e. with
the L chondrites. Our data cover the full 0.4 to 2.4 m wavelength region, so we
can better constrain the BI band spectral parameters and bands BII BI area ratio
compared to Nedelcu et al. (2014) work. We ﬁnd a di erent BI center, situated at
larger wavelength, in agreement with the mean BI band center reported in Dunn
et al. (2010) for the L chondrites (0.945-0.967 m). If our and Nedelcu et al.
(2014) BII center are similar, the shape and depth of this band is very di erent,
our spectrum showing a much fainter absorption compared to them. The spectra
were taken at similar phase angles (about 12 o) and only one month apart, and
any problem related to the instrumental and observing conditions or data reduc-
tion were found by us or reported by Nedelcu et al. (2014). Considering that
2007 PA8 is a large NEO with a long rotational period, and with an asymmetric
shape having probably craters and boulders, as put in evidence by radar images
(Brozovic et al., 2013), we interpret these spectral di erences as due to het-
erogeneities in the surface composition of this slow rotator asteroid.
2007 PA8 is the Q-type asteroid with the largest semi major axis value in the
known Q-type NEO population (Demeo et al. 2014). According to Bottke et al.
(2002) NEO model, 2007 PA8 has a probability of 0.534 to have origin from the
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Jupiter family comet region, and a probability of 0.438 to come from the outer
main asteroid belt (Nedelcu et al., 2014). Nedelcu et al. (2014) also perform
some dynamical simulations showing that 2007 PA8 probably originated from a
region bordering the 5:2 resonance in the outer belt (2.824 AU), and that it rapidly
enter in the NEO space. Indeed, the 5:2 resonance is the one that pumps orbital
eccentricities on the shortest time scale, of the order of 105 years (Yoshikawa,
1991; Ipatov 1992; Morbidelli & Gladman 1998). Nedelcu et al. (2014) propose
that 2007 PA8 was originated from the 5:2 resonance, then its eccentricity was
rapidly pumped up, it crossed the main belt up to the Mars-crossing region, and
it entered in the NEO space ﬁrst as an Amor-class, then, ﬁve hundreds years ago,
it became an Apollo-type. Close to the 5:2 resonance, two large families, Geﬁon
and Koronis, dominated by S-complex asteroids have been identiﬁed.
The Geﬁon family was proposed as the probable source of L-type chondrites by
Nesvorny et al. (2009) and Bottke et al. (2009) because of its proximity to the 5:2
resonance and because of its age, which is compatible with that of the catastrophic
event of L-type meteorites parent body. Indeed, these chondrites represent about
47% of ordinary chondrite falls, and two third of them were heavily shocked near
470 Myr ago, during the Ordovician period, probably as a consequence of the
catastrophic disruption of their parent body at that time (Korochantseva et al.
2007, Haack et al. 1996, Heck, 2010). According to Nesvorny et al. (2009)
studies, the Geﬁon family, located at 2.7-2.82 AU, has an estimated age of about
485 Myr, while the Koronis family is probably Gys old (Bottke et al. 2001). They
also show that putative meteorites from the Geﬁon family may reach the NEO
orbit in short time, and that the computed cosmic age exposure (CRE) of these
simulated fragments should range from 5 to 100 Myr, with the peak of the dis-
15
  
tribution around 30-40 Myr, that is closely matching the CRE of OC chondrites
(Marti & Graf, 1992). Faster Geﬁon meteorites reached the Earth between 50 Kyr
and 1-2 Myr after they had been placed in the 5:2 resonance, a time range compat-
ible with the short CRE ages of fossil L chondrites observed in middle Ordovician
sediments on Earth (Heck et al., 2004).
Considering both the dynamical works of Nesvorny et al. (2009) and Nedelcu
et al. (2014), and the results of this paper indicating for 2007 PA8 a fresh surface,
a Q-type classiﬁcation, and a strong spectral similarity to L chondrites, we suggest
that this PHA may be a member of the Geﬁon family recently ejected from the 5:2
resonance and a potential source of L chondrites.
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Table 1: Orbital and physical characteristics of (214869) 2007 PA8. Orbital elements are taken
from the JPL Small-Body Database. a: Hicks et al. (2012), b: Brozovic et al. (2013), c: this paper.
perihelion distance (AU) 0 955
aphelion (AU) 4 692
semimajor axis (AU) 2 823
eccentricity 0 662
inclination (degrees) 1 984
synodical rotation period (hrs) 95 1 3 4a
101 6 2 0b
absolute magnitude 16 2 0 1
Tisserand param. 2 947
albedo 0 29 0 08c
diameter 1 4 0 2c
23
  
Table 2: Observing conditions of (214869) 2007 PA8 during the spectroscopic study in 2012 at
the TNG telescope.
Day UTstart Exp. (s) Instrument Airm Solar An. (airm) r (AU) (AU) (o)
13 Oct. 01:44:06 180 DOLORES-LRB 1.23 Land93-101 (1.27) 1.1552 0.1611 11.3
13 Oct. 01:54:02 240 DOLORES-LRR 1.25 Land93-101 (1.27) 1.1551 0.1610 11.3
13 Oct. 02:56:02 180 DOLORES-LRB 1.40 Land93-101 (1.27) 1.1546 0.1605 11.3
13 Oct. 03:03:59 180 DOLORES-LRR 1.44 Land93-101 (1.27) 1.1545 0.1604 11.3




Table 3: Observing conditions for the (214869) 2007 PA8 polarimetry in 2012. Data on the
position angle of the scattering plane ( ), and on the phase angle ( ) have been taken from the JPL
ephemeris service (http: ssd.jpl.nasa.gov cgi-bin eph).
DATE UTstart Band Exp. P Pr r
(s) (o) (o) (%) (o) (%) (o)
14 Oct. 00:26 B 720 12.08 4.1 0.54 0.07 179.3 4.1 -0.53 0.07 85.2 4.1
14 Oct. 00:40 V 450 12.08 4.1 0.53 0.05 189.6 4.4 -0.53 0.05 95.5 4.4
14 Oct. 00:48 R 450 12.08 4.1 0.46 0.07 191.5 5.3 -0.44 0.07 97.4 5.3
14 Oct. 00:58 I 660 12.08 4.1 0.67 0.07 191.2 4.0 -0.65 0.07 97.1 4.0
15 Oct. 23:28 B 720 13.68 5.87 0.25 0.07 180.7 4.8 -0.25 0.07 84.9 4.8
15 Oct. 23:38 V 450 13.69 5.87 0.44 0.05 192.5 3.4 -0.43 0.05 96.7 3.4
15 Oct. 23:47 R 450 13.69 5.87 0.50 0.07 182.0 4.0 -0.49 0.07 86.1 4.0
15 Oct. 23:56 I 440 13.69 5.87 0.60 0.09 199.7 5.8 -0.53 0.09 103.9 5.8
25 Oct. 01:33 B 720 23.36 -1.4 0.66 0.14 91.9 6.1 0.65 0.14 3.3 6.1
25 Oct. 01:50 V 450 23.36 -1.4 0.41 0.10 255.3 7.0 0.35 0.10 164.9 7.0
25 Oct. 02:03 R 450 23.36 -1.4 0.39 0.09 252.3 9.7 0.33 0.09 163.7 9.7
25 Oct. 02:18 I 660 23.36 -1.4 0.30 0.07 99.2 6.2 0.28 0.07 10.8 6.2
10 Nov. 04:38 B 120 88.87 288.13 6.36 0.39 197.3 2.0 6.36 0.40 179.2 2.0
14 Nov. 05:47 B 360 99.22 285.15 7.00 0.27 189.7 0.8 6.95 0.27 176.8 1.0
14 Nov. 05:54 V 450 99.22 285.15 6.09 0.16 191.9 1.2 5.99 0.16 175.0 1.2
14 Nov. 06:03 R 450 99.22 285.15 5.62 0.25 189.8 1.3 5.42 0.25 173.2 1.3
14 Nov. 06:13 I 660 99.22 285.15 6.28 0.39 187.7 1.8 6.07 0.40 172.6 1.8
25
  
Table 4: Parameters of the polarization phase curve and estimated values of the polarimetric
albedo.
Band Pmin slope (h) Inv. angle Pmax Albedo
(%) (% o) (o) (%)
B -0.53 0.090 0.010 17.7 1.1 6.95 0.2 0.25 0.06
V -0.52 0.078 0.010 19.0 1.1 5.99 0.16 0.29 0.08
R -0.44 0.073 0.010 19.3 1.1 5.42 0.25 0.31 0.09
I -0.65 0.083 0.008 20.2 1.1 6.07 0.40 0.27 0.07
26
  























Figure 1: Visible spectra of 2007 PA8. The albedo from B, V, R, and I polarimetry, normalized
in the V band, is superposed to the spectrum acquired at 01:44. The spectrophotometry from the
Hicks et al. (2012) B, V, R, and I data is superposed to the spectrum acquired at 02:56.
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Figure 2: Visible and near infrared spectrum of 2007 PA8 with overplotted the two L6 chondrites
that best ﬁt the data (Vouille meteorite: continuous line; Denver meteorite: dashed-dot line).
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Figure 3: Polarization phase angle dependence measured in the BVRI band for the NEA (214869)
2007 PA8. The ﬁt with the Lumme and Muinonen function (Lumme & Muinonen, 1993) is shown
for the B and R bands (dashed lines).
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Figure 4: Polarization phase dependence for moderate albedo asteroids. The data were taken from
the Asteroid Polarimetric Database compiled by Lupishko (2014). Our observations of 2007 PA8
are shown by the black circles.
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Figure 5: Wavelength dependence of polarization for NEAs. The phase angle is also shown.
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